Irradiation doses (2.00 and 2.50kGy) and Edible coating film Jojoba (Simmondsiachinensis) oil 99.0% and poly vinyl alcohol (PVA) have been used for preserving the quality and safety of fresh fruit and vegetables. The objective of this research is to evaluate the effect of irradiation doses, jojoba oil and poly vinyl alcohol (PVA) on the shelf-life and quality of Le Conte pear fruits during cold storage at 0±1°C and relative humidity (RH) 85 -90%. The results indicated that Edible coating film PVA, Jojoba oil 99.0% and irradiation 2.00kGy dose showed a significant loss of weight, firmness, total soluble solids, shelf life, peroxidase activity and soluble protein in (peel and core) compared to untreated (control) ones. The results showed also that coating PVA , Jojoba oil 99.0% and irradiation 2.00 kGy dose maintained the visual quality of Le Conte pear fruits during the storage time.
Introduction
Le Conte pear is one of the most important deciduous fruit in the world, it is important to consider reductions in fruit quantity and quality. A major loss due to postharvest disease may occur in the production, transportation and storage of fresh commodities. Many studies have been carried out in order to develop suitable preservation methods for several food items. Among the methods tested, gamma irradiation, Jojoba (Simmondsia chinensis) oil and poly vinyl alcohol (PVA).
Gamma irradiation is used as the potential method of food preservation. It is widely used as a quarantine treatment for export purposes and has emerged as a potential alternate to the use of chemical preservatives. Radiation processing of most of the tropical fruits has been extensively studied at Food Technology Division (FTD), Bhabha Atomic Research Centre (BARC), and Mumbai over decades. The commendable efforts of radiation processing studies carried out at FTD enabled the market access to Indian Mango from Deogarh to DC, Washington [1, 2, and 3] . Moreover, gamma irradiation treatment can be performed at room temperature and can be applied to bulk as well as prepackaged food, thus obviating the chances of cross contamination. Additionally, it can improve food security by cutting down food losses caused by storage insects, microorganisms and physiological changes. Gamma irradiation has been successfully used as an alternative treatment for microbial disinfection [4] and longevity of shelf life of fresh produce [5] .
The limiting factor in the use of irradiation to extend shelf-life of the fruits is the textural change (softening ) which is the result of the breakdown of cell wall constituents (pectin , cellulose and hemicellulose ) [6, 7] . The degradation of pectic and cellulosic materials resulted in architectural weakening in tissue and damage in the semi permeability of the cell membranes leading to loss of turgor [8] . The loss in the firmness is shown to be associated with the activity of cell wall degrading enzymes [9, 10] , particularly polygalacturonase [11] .
The use of edible coating has received more attention in recent years, due to the growing interest for reducing environmental pollution caused by plastics, the need to extend the shelf life of foods, and the increasing demand for healthier and ecological foods [12] . Edible coatings preserve fruit quality by surrounding the product with a modified atmosphere that serves as a partial barrier to gases (such as O2 and CO2), water vapor and aroma compounds, decreasing the respiration and water loss rates of the fruit and preserving texture and flavor [12, 13] .
Polysaccharide-based coatings i.e. Alginate, pectins, cellulose and derivatives, starch and sucrose polyestershave been used to extend the shelf-life of fruits and vegetables [14, 15, 16] .
Lipids also include waxes, acylglycerols and fatty acids have been used for extending the shelf-life of fruits and vegetables [17, 18] . When mineral oil is used, it is typically a low viscosity oil <15 cST at 40°C {19}. In this regard, several authors noted that certain types of MHC oils and waxes have been shown to cause adverse effects in laboratory test animals [20, 21, and 22] .
The objectives of this research were to evaluate the potential of gamma irradiation, Jojoba (Simmondsia chinensis) oil and poly vinyl alcohol PVA to extend the shelf-life and quality of pear during cold storage and to compare the effect of these alternative materials on quality pear fruits.
Materials and Methods
This investigation was carried out during 2014 and 2015 seasons to examine fruit quality improvement of Le Conte pear fruits (Pyruscommunis, L.) due to gamma irradiation , Jojoba (Simmondsiachinensis) oil andpoly vinyl alcohol PVA. Pear fruits were harvested from a private orchard located in El Samman City, Menofia Governorate. Pears fruits were picked in early morning hard green mature stage according to suitable maturity indices to pear fruit using a combined flesh firmness and total soluble solids ( TSS) index that is further modified by fruit size and skin color (if yellowish green, no firmness or TSS limits). Healthy fruits free from any physiological and pathological disorders were chosen. Moreover, the uniformity of fruits shape and size were observed. Fruits harvested at early morning directly transferred to the National Center for Radiation Research and Technology (NCRRT) located in Nasr City, Cairo, Egypt. The fruits were cleaned, divided into 5 groups and then treated according to the following plan of work treatments: Each group of experimental materials ( fruits) was 90 fruits of fresh and healthy fruits ( 5 treatments X 3 replicates X 2 boxes X 15 fruits for each box = 450fruits for each ).
Five different experiments were carried out as follows:- Each replicate was consisted of two boxes, one box for studying physical properties and the other for determining chemical constituents. Control fruits were kept in carton boxes in each box without any treatment, and all treatments were stored at 0±1°C and relative humidity (RH) 85 -90%.
Control treatments
The pear fruits were kept in carton boxes in each box without any treatment, and stored at (0±1°C, 85-90% RH).
Irradiation treatments
The irradiation facility located at NCRRT in the Egypt Industrial Mega Gamma-(.Model "AECI, JS" was used, where the irradiator is provided with two automatic conveyer. The principal conveyer being devoted for radiation sterilization of medical products, whereas, the auxiliary conveyor is used for pilot scale irradiation. The irradiation source was CO60 and average dose rate was 0.15 Gy /sec. in dimension, was utilized in this irradiation process. For both seasons two irradiation doses have been used (2.0 and 2.50 kGy).
The Pear fruits were carried out at room temperature using CO60source at the National Center for Radiation Research and Technology (NCRRT), Nasr City, Cairo, Egypt. The irradiation facility used was an Egypt's Mega Gamma-1, of the type J-6500 supplied by the Atomic Energy of Canada Limited. The applied doses were 0.0, 2.0 and 2.50 kGy for Pear fruits. The dose rate delivered during the experimental duration was 0.15 Gy/ hr., as monitored by radiochromic film [23] . After irradiation treatment the experimental materials (fruits) were transferred into a coldstorage room adjusted at 0 ±1°C, 85-90% RH.
Edible coatings films
Jojoba (Simmondsia chinensis) oil was obtained from Alkanz Co., Zagazig, Egypt. Mature fruits were immersed in Jojoba oil for two minutes, and lifted to be air -dried,and then coated fruits were placed in carton boxes and stored at 0 ±1°C, 85-90% RH.
Poly vinyl alcohol (PVA)
Technical procedures: Plasticized Starch (PLST) blends with poly vinyl alcohol (PVA) was prepared. The required amount of starch (1.2g) was added to 60 ml. of distilled water at room temperature with stirring. When the mixture was completely suspended the temperature was slowly raised to reach 90˚C with continuous stirring and glycerol 20% was then added to the solution, the stirring was continued for 3 hours to reach complete gelatinization of starch. The required amount of PVA (0.7g) dissolved in 35ml. hot water and chitosan (0.1g) dissolved in5ml. hot water, was added to the gelatinized starch. After raising the temperature to 90˚C, the mixture was removed and the solution was sprayed on pears fruits, then dried and stored at 0 ±1°C, 85-90% RH [24] .
Fruit physical properties 1-Fruit weight loss(WL, %)It was determined as described by {25} as follow:-WL, % = (Fruit initial weight -fruit weight at each sampling date / Fruit initial weight) X 100 2-Fruit firmness (Lb./inch²), it was determined by using a Magness-Taylor type pressure tester by a standard 5/16 of inch plunger.
3-Fruit shelf-life (in days), a fruit sample from each replicate was taken out from the storage cold room and left at room conditions (25 °C ± 2), when 50 % of fruits were scalded, the experiment was terminated and the number of days was calculated and considered as shelflife or marketing ability of fruits.
Fruit chemical properties: It was determined that:
-Total soluble solids(T.S.S% ) using hand refractmeter, according to [26] .
-Determination of Peroxidase activity o Extraction procedure, the previous procedure to extract PPO was used to extract o Peroxidase enzyme except. The citrate -phosphate buffer was adjusted to pH 5. o Assay of POD activity, POD activity was measured as the change in absorbance at 470 nm using guaiacoland H2O2 as substrates according to [27] .The substrate solution of 0.5% (v/v) guaiacol in 0.1 ml K2HPO4 (pH6) was stirred for 30 min.0.008%(v/v) 30% H2O2 was added immediately before use .Enzyme solution (50µl) was added to 2.5 mlsubstrate solution in curette and absorbency was recorded [28] . o Calculation, Enzyme activity was calculated from the linear part of optical density and time curve. One unit of POD activity was defined as a change of 0.1 absorbency unit per min per g., [28] . o Specific activity, specific activity was expressed in unit of POD activity per mg protein as Mentioned by [29] . o Specific activity = (specific activity, POD/min. / protein concentration, mg/ml) o Protein contents of the acetone powders were determined by macro Kjeldahl method o as mentioned in a previous study [30] . o Activity percentage was calculated from the following equation according to Sapers et al. [31] . o Percent activity =(Enzyme activity of treated sample / Enzyme activity of control sample X100 -Determination of soluble protein The dried material of pear samples was ground in a mortar and pestle. Then, extraction buffer tris borate pH 7.9 was added in a ratio of 1: 2.5 (w/v). The extracted samples were centrifuged for 15min.at 4000rpm at room temperature. Then supematants containing the soluble proteins were used for further chemical determinations. The soluble protein was measured according to [32] .
Experimental design and statistical analysis
All treatments used in this study were arranged in complete randomized design. The obtained data were subjected to analysis of variance using the general linear module procedure of [33] , where appropriate treatment means were separated using Duncan's multiple range test [34] and all percentages were transferred to angles before statistical analysis.
Results and Discussion

Physical properties Weight loss percentage
The data indicated that the weight loss was significantly higher in untreated (control) samples as well as all radiation doses samples as compared to coating Jojoba oil and poly vinyl alcohol (PVA) treatments. (Table 1 ).The data analysis also revealed that after 10 days of cold storage at 0±1°C with relative humidity (RH) 85 -90% , there was no significant difference in weight loss between coating Jojoba oil and poly vinyl alcohol (PVA) treatments recorded 0.31and 0.30, respectively while control, 2.0 and 2.5 kGy doses recorded 0.40, 0.32 and 0.37 respectively. However, in case of coating Jojoba oil and poly vinyl alcohol (PVA) treatments, the weight loss was significantly higher compared to control samples. After 20 days of cold storage, the weight loss was increased in control 0.85 and 2.5 kGy irradiated samples 0.78 while decreased in irradiated 2.0 kGy, Jojoba oil and poly vinyl alcohol (PVA)recorded 0.70, 0.65 and 0.60 respectively. After 30 days of cold storage, the fruits treated with 2.0 kGy, Jojoba oil and poly vinyl alcohol (PVA) showed the lowest values of weight loss than those irradiated 2.5 kGy dose or those untreated. This reduction in the weight loss was probably due to the effects of moisture loss from the fresh fruits and vegetables by vapor-phase diffusion driven by a gradient of water vapor pressure at different locations [35] . On the other hand, respiration causes a weight reduction because a carbon atom is lost from the fruit in each cycle. It was reported in the literature that the effects of these coatings as a semi permeable barrier against oxygen, carbon dioxide, moisture and solute movement, lead to reducing respiration, water loss and oxidation reaction rates. The same trend of results was also found in the second season of study (Table 1 ) [36, 20, 37, 38] . Table ( 2) indicate that there was a decrease in flesh firmness value in all pear samples after 20 and 30 days of cold storage in comparison with those of zero time groups. After 10 days of cold storage in the first season, the highest fruit firmness (13.0 Lb./inch2) was recorded by those fruits treated by 2.0 kGy irradiation dose followed by control 12.00 , Jojoba oil 11.00 and PVA10.30.on the other hand, after 30 days of cold storage, the highest fruit firmness 9.50 Lb./inch2 was recorded by PVA next 2.0 kGy irradiation dose and Jojoba oil were recorded (9.0 Lb./inch2 ). But the lowest fruit firmness 8.0 Lb./inch2 was recorded by 2.50 kGy irradiation dose at 30 days of cold storage.
Fruits firmness Data presented in
These results are in harmony with data observed by [39] , who studied the Flesh firmness is one of the most important parameters as regards consumer acceptance and eating quality of apples. However, [35] who found that the retention of firmness can be explained in terms of retarded degradation of insoluble protopectins to the more soluble pectic acid and pectin. During fruit ripening, depolymerization or shortening of chain length of pectin substances occurs with an increase in pectinesterase and polygalactronase activities. The same trend of results was also found in the second season (Table 2) .
Shelf-life (marketability)
Results presented in Table ( 3) show the effect of some treatments on the shelf life (days) of Le Conte pear fruits stored at 0 ±1°C, 85-90% RH.
It is obvious that as days of cold storage were increased, the shelf life decreased. However, long shelf life (9.76 and 9.66 days) was recorded for the fruits treated with PVA and Jojoba oil followed by irradiation dose 2.0 kGy compared to control which recorded 8.66 and 7.00 respectively in the first season. It is clear that, the treated fruits significantly differed from the untreated fruits(control) in their firmness. However, the fruits treated with 2.5 kGy had less marketing life (5.66 day) than those received the other treatments. Slight differences were noticed during the second season of study (Table 3 ).
The present results are in agreement with those of Seung et al. [40] who found that Ionizing radiation may be used for sprouting inhibition, insect control or delay of ripening of certain fruits and vegetables. In general, irradiation doses of 2-3 kGy combined with refrigeration were useful for extending the shelf-life of strawberries [41] . It is clear that TSS of Le Conte pear fruits were increased with the progress in cold storage time.
At the beginning of cold storage duration, no significant differences were observed between the used treatments and control. However, with the increase of cold storage durations and after 20 days in the first season, the lowest TSS (13.60%) was obtained with the use of Jojoba oil after cooling .On the other hand, after 30 days of cold storage. The higher TSS percentage values were recorded (16.20) with control and Jojoba oil after cooling and the lowest value with irradiation dose 2.0,2.5 kGy and coating PVA were recorded (15.00%).The increase in total soluble solids with increasing cold storage period could be attributed to the conversion of some complex substances such as starch to simple substances like sugar and other solutes and consequently sugars content which presented and major content of total soluble solids increased.The same trend of results was also found in the second season.
Peroxidase enzyme ( POD )
Pearpeel Table ( 5) indicates that, the POD activity was 25.00 unit/g acetone powder in the peel of unirradiated pear fruits which increased considerably to 17.60 after 10 days of storage at 0 ±1°C, 85-90% RH. The increase was more pronounced after 30 days of cold storage, since the POD activity was unit/g acetone powder with all treatments .There was a noticeable decrease in the POD activity in the peel after 20 days of cold storage, followed by all treatments increase after 30 days of cold storage. For 2.0 kGy treatment, the activity of POD enzyme was 52.00 unit/g acetone powder in the peel before storage then decreased considerably to 46.00 unit/g acetone powder after 20 days of cold storage in the peel, then increased to 69.00 unit/g acetone powder after 30 days of cold storage.
For 2.5 kGy treatment, the POD activity was 34.00 unit/g acetone powder in the peel before storage then decreased to 25.50 unit/g acetone powder after 20 days of cold storage, then a slight increase in POD activity was observed to 45.45 unit/g acetone powder after 30 days of cold storage. With edible coatings film Jojoba oil and PVA treatments, the POD activity was 22.40 and 27.42 unit/g acetone powder in the peel before storage then decreased to 29.55 and 26.50 unit/g acetone powder after 20 days of storage at 0 ±1°C, 85-90% RH ,respectively, whereas after 30 days of cold storage, the increase in the POD activity were 32.43 and 30.05 unit/g acetone powder respectively.
The highest values of POD enzyme activity during storage 69.00 unit/g acetone powder was reached in the peel of 2.0 kGy treatment after 30 days of storage at 0 ±1°C, 85-90% RH. The same trend of results was also found in the second season.
Pear core
Data presented in Table ( 6) indicate a gradual increase in the POD enzyme activity in the core of un-irradiated pear with increasing storage period at 0 ±1°C, 85-90% RH. The POD activity was 8.50.60 unit/g acetone powder in the core of unirradiated pear fruit before storage and increased noticeably to 11.00 unit/g acetone powder after 20 days of storage at 0 ±1°C, 85-90% RH, whereas after 30 days of cold storage, the POD activity reached 20.25 unit/g acetone powder. For all treatments, there was a noticeable decrease in the POD enzyme activity in the core after 20 days of cold storage, followed by an increase with all treatments after 30 days of cold storage. For 2.0 kGy treatment, the POD enzyme activity was 40.50 unit/g acetone powder in the core before storage and decreased to 26.00 unit/g acetone powder after 20 days of cold storage, such decrease was followed by a slight increase in POD activity which reached 34.80 unit/g acetone powder after 30 days of cold storage. For 2.5 kGy treatment, the activity for POD enzyme was 24.90 unit/g acetone powder in the core before storage which decreased considerably to 22.80 unit/g acetone powder after 20 days of cold storage, then a slight increase in the activity of POD enzyme was detected to reach 37.80 unit/g acetone powder after 30 days of cold storage. For edible coatings film Jojoba oil and PVA treatments, the POD enzyme activity was 18.25 and 13.50 unit/g acetone powder in the core before the storage and decreased slightly to be 12.40 and 10.75 unit/g acetone powder after 20 days of cold storage respectively, then a considerable increase in the activity of POD enzyme was recorded 20.20 and 15.80 after 30 days of cold storage respectively .
The highest values of POD activity during storage period was detected in the peel or core of pear fruits of 2.00 and 2.5 kGy irradiating doses treatments after 30 days of storage at 0 ±1°C, 85-90% RH.The previous data about POD enzyme activity are in agreement with the finding of [42] on korean pears and [43] on grapefruits. Table (7) shows the soluble protein content in the peel of all treated and untreated pear fruits samples during storage at 0 ±1°C, 85-90% RH. Data revealed a gradual and clear decrease in soluble protein of all treatments and un-treatment peel of pear with increasing storage period. After 20 days of cold storage, the detected increase ranged from 100.00 to 106.00 mg/100g dry wt. with irradiation dose 2.0 kGy, 72.30 was to 80.60 mg/100g dry wt. with irradiation dose 2.5 kGy,170.80 to 185.35 mg/100g dry wt. With edible coatings film Jojoba oil and 184.00 to 197.00 mg/100g dry wt. with edible coatings film PVA. Such increase in soluble protein amount was observed with increasing storage period. Also, the aforementioned decrease in soluble protein was detected in case of the peel of untreated pear, which contained 175.0 mg/100g dry wt. and increased considerably to 180.0 and 183.0 mg/100g dry wt. after 20 days of cold storage respectively. A continuous decrease occurred to reach 160.80 mg/100g dry wt. after 30 days of storage at 0 ±1°C, 85-90% RH. The higher amount of soluble protein was detected in the peel of pear with edible coatings film PVA 184.00 mg/100g dry wt., which increased to 197.00 mg/100g dry wt. after 20 days of cold storage. Then a gradual decrease was observed and reached 188.00 mg/100g dry wt. after 30 days of storage at 0 ±1°C, 85-90% RH. On the other hand the lower content of soluble protein was observed with the use of 2.5 kGy irradiation dose 72.30 mg/100g dry wt. which increased to 80.60 mg/100g dry wt. after 20 days of storage at 0 ±1°C, 85-90% RH and then decreased gradually to 78.50 mg/100g dry wt. after 30 days at 0 ±1°C, 85-90% RH. The same trend of results was also found in the second season (Table 7) .
Soluble protein content Pear peel
Pear core Data presented in Table ( 8) show the soluble protein content in the core of all treatments and untreatment pear fruits samples during storage at 0 ±1°C, 85-90% RH. Such data revealed a gradual and clear decrease in soluble protein of all treatments and un-treatment core of pear with increasing storage period.
The soluble protein content in the core of untreatment pear 71.10 mg/100g dry wt. were relatively lower than these of edible coatings film Jojoba oil and edible coatings film PVA(70.20 and 67.30 mg/100g dry wt. respectively) treatment during the cold storage period.
The higher amount of soluble protein was found in the core of pear exposed to edible coatings film PVA 70.20 mg/100g dry wt., which decreased gradually and reached 63.90 mg/100g dry wt. after 30 days of cold storage. On the other hand the lower content of soluble protein was detected in the core of pear treated by 2.5 kGy 30.90 mg/100g dry wt. which decreased gradually and reached 28.00 mg/100g dry wt. after 30 days at 0 ±1°C, 85-90% RH. The same trend of results was also found in the second season (Table 8) .
According to the previous data that deal with soluble protein in the peel or core of pear fruits under the influence of irradiation , edible coatings film (PVA or Jojoba oil) and during storage period, a slight increase accurred in soluble protein of the treated fruits with 30 days in PVA or Jojoba oilduring storage at 0 ±1°C, 85-90% RH.
The slight increase in soluble protein under the influence of gamma radiation and during storage may be due to the destructive effect of gamma radiation on the protein helix, which produce some amino acids free radicals producing peptides. Thus, the soluble protein increased.
On the other hand, the decrease in soluble protein could be attributed to the radiation damage of the soluble protein producing amino acids and free radicales as degradation products. Such observations are in agreement with the finding of [44] on tomato, and [45] on potato. 
